Paracoccus limosus sp. nov., isolated from activated sludge in a sewage treatment plant The genus Paracoccus was created by Davis et al. (1969) , and its description was later emended by Katayama et al. (1995) . It consists of Gram-negative, coccid, non-motile, catalaseand oxidase-positive bacteria, most members of the genus being known to accumulate poly-b-hydroxybutyrate (PHB) granules. At the time of writing, the genus contained 31 recognized species, isolated from a variety of environmental habitats including soil, root nodules, a cornetfish, a bioreactor, activated sludge, sediments and marine resources (Sheu et al., 2011) . Many novel species have been described in recent years from environments including soil, sediment and activated sludge, e. In the course of collecting micro-organisms from activated sludge in the Mae-san sewage treatment plant in South Korea, Gram-negative and non-motile strains NB88
The genus Paracoccus was created by Davis et al. (1969) , and its description was later emended by Katayama et al. (1995) . It consists of Gram-negative, coccid, non-motile, catalaseand oxidase-positive bacteria, most members of the genus being known to accumulate poly-b-hydroxybutyrate (PHB) granules. At the time of writing, the genus contained 31 recognized species, isolated from a variety of environmental habitats including soil, root nodules, a cornetfish, a bioreactor, activated sludge, sediments and marine resources (Sheu et al., 2011) . Many novel species have been described in recent years from environments including soil, sediment and activated sludge, e.g. Paracoccus stylophorae (Sheu et al., 2011) , P. chinensis (Li et al., 2009) , P. aestuarii (Roh et al., 2009) and P. caeni (Lee et al., 2011) .
In the course of collecting micro-organisms from activated sludge in the Mae-san sewage treatment plant in South Korea, Gram-negative and non-motile strains NB88
T and LNB004 were isolated. One gram of the sewage sample was thoroughly immersed in 50 ml saline (0.85 % NaCl) solution, vortexed and serially diluted and 100 ml aliquots were spread onto tenfold-diluted R2A agar (Difco) and incubated at 30 u C for 1 week. Single colonies on the plates were purified by transferring them onto new plates and incubating them once again under the same conditions. The isolates was routinely cultured on nutrient agar (NA; Difco) at 30 u C and maintained as glycerol suspensions (20 %, w/v) at 270 uC.
For phylogenetic analysis of strains NB88
T and LNB004, genomic DNA was extracted using a commercial genomic DNA extraction kit (Solgent) and PCR-mediated amplification of the 16S rRNA gene and sequencing of the purified PCR product were carried out according to Kim et al. (2005) . The nearly complete sequence of the 16S rRNA gene was compiled with SeqMan software (DNASTAR Inc.). The 16S rRNA gene sequences of related taxa were obtained from GenBank and edited using the BioEdit program (Hall, 1999) . Multiple alignments were performed with the CLUSTAL_X program (Thompson et al., 1997) . Evolutionary distances were calculated using Kimura's two-parameter model (Kimura, 1983) . The phylogenetic tree was reconstructed using the neighbour-joining method (Saitou & Nei, 1987) in the MEGA3 program (Kumar et al., 2004) with bootstrap values based on 1000 replications (Felsenstein, 1985) . On the basis of 16S rRNA gene sequence similarities, the closest relatives were Paracoccus aminovorans JCM 7685 T (97.6 %), P. denitrificans DSM 413 T (97.2 %), P. yeei CDC G1212 T (97.2 %) and P. aminophilus JCM 7686 T (96.9 %). Sequence similarity to type strains of other Paracoccus species was ¡96.5 %. In the neighbour-joining phylogenetic tree (Fig. 1) , strains NB88
T and LNB004 formed a monophyletic group and joined the cluster comprising members of the genus Paracoccus; this was confirmed in analyses using the maximum-parsimony and maximum-likelihood algorithms (not shown). Cell morphology and motility were observed with an Olympus light microscope (61000 magnification), using cells grown for 24 h in nutrient broth at 30 uC. The motility of cells was tested using semi-solid agar. For electron microscopy, cells were fixed in 2.5 % paraformaldehyde/glutaraldehyde mixture buffered with 0.1 M phosphate (pH 7.2) for 2 h, post-fixed in 1 % osmium tetroxide in the same buffer for 1 h, dehydrated in graded ethanol and propylene oxide series and embedded in Epon-812. Ultrathin sections, made using an Ultracut E ultramicrotome (Leica), were stained with uranyl acetate and lead citrate and examined under a CM 20 electron microscope (Philips). The presence of PHB granules was visualized with the fluorescent dye Nile red and negatively stained transmission electron micrographs were taken as described by Jendrossek et al. (2007) . The Gram reaction was examined by using a non-staining method, as described by Buck (1982) . Catalase activity was assessed by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was assessed using 1 % (w/v) tetramethyl pphenylenediamine (Cappuccino & Sherman, 2002) . Anaerobic growth was examined in serum bottles with sodium thioglycolate (1 g l
21
) added to nutrient broth and the upper air layer was replaced with nitrogen. Physiological characteristics were determined with API 20NE, API ID 32 GN and API ZYM galleries (bioMérieux) according to the instructions of the manufacturer. Growth at 4, 10, 15, 20, 25, 30, 37, 40 and 42 u C and at pH 3.0-12.0 (at 1.0 pH unit intervals) was assessed in Luria-Bertani (LB) broth (Difco) for 5 days. The pH of the medium was adjusted using diluted NaOH and HCl. Salt tolerance was tested in nutrient broth supplemented with 0-10 % (w/v) NaCl incubated for 5 days at 30 uC. Growth on trypticase soy agar (TSA; Difco), R2A agar and LB agar was also evaluated at 30 uC. The phenotypic characteristics of strains NB88
T and LNB004 are given in the species description, and characteristics that differentiated them from other Paracoccus species are listed in Table 1 .
Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v), purified with a Sep-pak kit (cartridge) and subsequently analysed by HPLC, as described by Collins & Jones (1981) and Shin et al., (1996) . In order to perform fatty acid methyl ester analysis, cells were allowed to grow on TSA for 48 h at 30 u C, and two loopfuls of the third-quadrant cells (or the quadrant with the most confluent growth) were then harvested at the early stationary growth phase and subjected to saponification, methylation and extraction using the methods of Kuykendall et al. (1988) . Fatty acids were separated with a Hewlett Packard 6890 capillary GLC and identified by using the Microbial Identification software package with the Sherlock system MIDI 6.0 and the Sherlock aerobic bacterial database (TSBA6) (Sasser, 1990) . Strains NB88 T and LNB004 contained ubiquinone Q-10 as the major respiratory quinone, which is common in Paracoccus. The fatty acid profiles of strains NB88
T and LNB004 are shown in Table 2 in comparison with the profiles of the type strains of other Paracoccus species. The major fatty acid C 18 : 1 v7c is the dominant fatty acid in members of the genus Paracoccus. Moderate to minor amounts of C 16 : 0 , C 10 : 0 3-OH, C 17 : 0 , C 14 : 0 3-OH and C 18 : 0 were also present. The fatty acid profiles of strains NB88
T and LNB004 were similar to those of closely related type strains, but some qualitative and quantitative differences were observed.
For polar lipid analysis, total cellular polar lipids from strains NB88
T and LNB004 were extracted and examined by two-dimensional TLC (Minnikin et al., 1984) . Total lipids were revealed by staining with 5 % ethanolic molybdatophosphoric acid and spots were identified by using specific reagents. The results of TLC showed that the polar lipid profiles of strains NB88
T and LNB004 were indistinguishable and contained major amounts of phosphatidylglycerol, phosphatidylcholine and an unknown aminolipid. Moderate to minor amounts of diphosphatidylglycerol, three unknown glycolipids and four unknown phospholipids were also present (Fig S1, available in IJSEM Online).
For determination of the DNA G+C content, genomic DNA was extracted as mentioned above and degraded enzymically into nucleosides. The nucleosides were analysed by using HPLC as described previously (Tamaoka & Komagata, 1984; Mesbah et al., 1989) . DNA-DNA hybridization experiments were performed fluorometrically, according to the method developed by Ezaki et al. (1989) , using photobiotin-labelled DNA probes and microdilution wells. Hybridization was performed at 51.5 u C in the presence of 50 % (v/v) formamide with an ionic strength of 0.3 M NaCl and carried out reciprocally with five replications per sample. The highest and lowest values obtained for each sample were excluded, and the remaining three values were utilized in the calculation of hybridization values; DNA relatedness is expressed as means of these three values.
The genomic DNA G+C content for the Paracoccus type strains included in this study ranged from 67 mol% (P. aminovorans JCM 7685 T ) to 62.0 mol% (P. yeei ATCC BAA-599 T ). The DNA G+C contents of strains NB88
T and LNB004 were 66.4 and 65.1 mol%, respectively. Strain NB88 T exhibited a relatively high level of DNA-DNA relatedness to LNB004 (84±3.5 %) and, as confirmed by their similar phenotypic characteristics, they probably belong to the same species. NB88
T showed relatively low levels of DNA-DNA relatedness to P. aminovorans JCM 7685 T (31±3.3 %), P. denitrificans KCTC 2530 T (17±0.8 %), P. yeei ATCC BAA-599 T (29±4.0 %), P. aminophilus KACC 12262 T (23±2.8 %) and P. thiocyanatus KCTC 2848 T (19±1.2 %), indicating that it is not related to them at the species level (Stackebrandt & Goebel, 1994; Wayne et al., 1987) . Detailed DNA-DNA hybridization values are shown in Table S1 .
The chemotaxonomic characteristics of strains NB88
T and LNB004 showed features typical of the genus Paracoccus, with Q-10 as the predominant respiratory quinone, C 18 : 1 v7c as the major fatty acid and phosphatidylglycerol and phosphatidylcholine as major polar lipids and the presence of PHB granules (Fig. S2) . Strains NB88 T and LNB004 can be distinguished from other phylogenetically closely related members of the genus Paracoccus by the production of aglucosidase and assimilation of L-fucose. The results of our polyphasic analyses clearly showed that strain NB88 T represents a novel species within the genus Paracoccus, for which the name Paracoccus limosus sp. nov. is proposed.
Description of Paracoccus limosus sp. nov.
Paracoccus limosus (li.mo9sus. L. masc. adj. limosus, muddy, pertaining to sludge, the isolation source of the first strains).
Cells are Gram-negative, non-motile, non-spore-forming cocci, arranged in pairs or clusters, 0.8-0.9 mm wide and 
